The study divides the analysis of monitoring and diagnostic information, leaving for monitoring the parameters of the stationary process, and for diagnostics -various transient regimes in the technological process. This, in turn, divides the algorithms of information processing into control of the output from the given boundaries for stationary parameters and the classification and prediction for dynamically changing parameters in a multidimensional space. In view of the large number of monitoring and diagnostic information, as well as due to different algorithms for processing it in an appropriate information system, it is necessary to apply multi-dimensional analysis methods. As diagnostic influences, various jumplike changes of a "natural character" are used, and the state of the equipment allows judging the apparatus of the influence functions. The abrupt changes in the technological process are reflected in the change in its parameters. The reaction to them is weakened as they are removed in accordance with the influence functions. The values of the parameters at the moment of the reaction define a point in the multidimensional parameter space and allow one to relate the state to one or another standard, and to relate the corresponding management algorithm to the standard. The experimental model includes five links simulating the operations of the technological process, a pulsed signal source simulating a step change and five links of propagation delay simulating the duration of operations. The results confirmed theoretical conclusions about the influence functions.
Introduction
The normally flowing technological process is characterized by the values of the parameters, information on each of which can be useful from the point of view of the reliability of the functioning of the technological equipment or the quality of the manufactured products. At the same time, the information received at the current time (monitoring) can be used to stop the process in the event of deviations of the parameter values from the established thresholds, but it is of little use even for short-term forecasting. From this point of view, diagnostic information is more promising, that is information on the reaction of technological equipment to test impacts. However, to obtain it, it is necessary to stop the technological process. At the same time, in the course of the technological process, sudden changes occur -changing or reinstalling the tool, changing the properties of the workpieces, cutting in and out of the tool, etc. For these changes, it is possible to predict the condition of the equipment and prepare a plan for interventions in the future technological process with the allocation of the necessary resources. A large number of received information, as well as the lack of appropriate algorithms for its processing, make the research presented in this direction relevant.
Theory
Monitoring and diagnostic systems are an important part of automated technological process control systems (ACS TP). The introduction of such systems, as noted in [1] , "acquires special significance, since it allows to ensure the effective operation of enterprises in given modes, improve the quality of products, ensure trouble-free operation and environmental safety of production, increase labor productivity." Although the primary task of such systems is to control the parameters of the technological process, they still have the accumulation of information, the analysis of the available experience, even the prediction of certain events, for example, repair work [2] . It tools demonstrate good applicability for successfully solving problems in the production of iron, iron ore sintering and the hot strip rolling process with regard to process control or product quality [3] . The development and integration of monitoring, diagnostic and forecasting technologies (collectively known as PHM) can improve maintenance and control strategies in production operations [4] . PHM technologies are actively studied for the purpose of application in robotics for the promotion of innovative technologies for recognition and prediction [5] . In our country, researchers also develop the structures of process monitoring systems and algorithms for analyzing the dynamics of changes in output variables and the parameters of the state of the technological system [6, 7, 8, 9] .
From the point of view of ACS TP, technological processes are divided into two large classes: continuous and discrete. "Continuous is a process in which the final product is developed as long as raw materials, energy, catalysts, control actions are brought in" [10] . Such processes can include, for example, the processes of the chemical or food industry. "Discrete is a technological process in which the final product is developed at specific intervals, and this process can be stopped, and continue with any technological operation without reducing the specified level of quality" [10] . You can name such examples as: the functioning of automatic lines, the process of assembling products on a conveyor, the testing of finished products, etc.
In the stationary mode, when there is no time dependence, the description of the technological processes can be independent of the allocated classes, since the monitoring points are discretely distributed according to the sequence of operations -i = 1, ..., m. In the simplest form, the dependencies can be linear mappings. 
where xj -are the input parameters of the operation, for example, the aggregate of the processed product size or the set of parameters of the processed medium (j = 1, ..., n), and yi are the output parameters, aij, bi are the transformation coefficients of the processed product or medium. We note that in the course of the technological process, the changes in the output parameters must obey the principle of compressive mappings, while the compressibility conditions [11] :
In this case, the process converges to the so-called fixed point, the coordinates of which satisfy equation (1) and as which the product quality index at the output of the technological process can be chosen. Diagnostics is connected with the supply of test signals, in this study such signals are abrupt changes in the technological process, connected with the analysis of the process reaction in time. Therefore, in this case the description of continuous processes and discrete ones has a different mathematical apparatus.
Continuous processes are associated in practice with heat fluxes and temperature changes, changes in concentrations at different points in the medium, filtration and similar physical processes, and can conveniently be described by a parabolic partial differential equation [12] , which reflects the so-called relaxation processes. It describes the behavior of an environment in which energy or matter does not arise and does not disappear, in a more general sense, there is no source for changing the parameter yi. If it is necessary to actively influence this environment in technological operations, then it appears on the right side of this equation in the form of concentrated or distributed sources. 
where yi is the controlled parameter, α is the diffusion coefficient, β is the drift coefficient, γ is the proportionality coefficient, x is the distance from the beginning of the process, t is the time.
The solution of this equation is determined through the influence function or the Green's function (the function of a point source) 
where ξ is the position of the point source.
Control in the technological process is carried out, as mentioned above, through the right side of the equation (3). ) , ( 
In this case the solution with zero initial conditions looks like a convolution
The two types of description -on the basis of the principle of contracting mappings and the partial differential equation allow us to conclude that the magnitude of the response of the controlled parameters decreases with distance from the beginning of the technological process.
Each operation of the discrete technological process involves the transfer of the product to a new level of values of the operation parameters. We shall describe this translation by an aperiodic link on the basis of equation
where T, k are the constants of the aperiodic link (operations), xi are the input parameters of the i-th operation, yi are the output parameters. The advantage of this description, apart from the simplicity of the equation, is the exponential (non-oscillatory) response to the input effect, as is the case with the regular operation. If during the operation energy is stored or released (for example, due to increased gaps in the equipment and the need for repair), the description is reduced to the equation of the oscillatory link
However, the decrease in the response to a stepwise effect on any intermediate operation with such a description should be investigated additionally.
Model and methods
To ensure that the quality of products meets specified requirements, the variability of the process benchmarks should be within certain forecasted limits.
In view of the large number of monitoring and diagnostic information, as well as various processing algorithms, multivariate analysis methods are applicable here. In this case, each monitored parameter can be assigned its own coordinate axis, and the values obtained can only be filtered and smoothed for the analysis of only the stationary mode. The control algorithm in this case is very simple
where yim, yiv -respectively, the lower and upper values of the i-th parameter, n -the total number of monitored parameters. Diagnostic information is processed only in the case of abrupt changes in the course of the technological process: changing and reinstalling the tool, changing the properties of blanks, this or that abnormal situation. At the same time, the degree of influence of the event is evaluated depending on the distance from the zone of abrupt change. If this influence turns out to be close to the described by equations (2), (6) or (7), localization and fault recognition algorithms are connected. If this influence deviates from the standard one, it is necessary to connect additional algorithms connected with the analysis and forecast of future contingencies at other points of the technological process, different from the place where the jump occurred, but the first ones that showed a deviation from the standard behavior during the process [13] .
In a multidimensional space, the standard reaction to an abrupt change in the values of the parameters that play the role of coordinates forms a point -the standard of the class. Near this standard a cloud of points of images of a given class is formed. Accordingly, as a sign of the entry of the image under investigation into this class, we can assume the condition of falling into the sphere of a given radius r with center at the reference point of the class
where yi are the coordinates determined by the real response, yi э are the coordinates calculated by the model and taken as the reference.
Each class is associated with an algorithm for responding to an event that occurred, both for immediate actions, and for planning the allocation of certain resources, changing load schedules, product sizes, and so on. [14] Let us investigate the described phenomena on the model shown in Fig. 1 The model includes five links simulating the operation of the technological process, a pulsed signal source simulating a step change and five links of signal propagation delay simulating the duration of operations.
The following notation is used in the diagram: W1 (p) is the transfer function of the aperiodic link, W8 (p) is the transfer function of the vibrational link simulating nonstandard dynamic behavior.
Results and discussion
In the absence of an oscillatory link, the circuit shows a standard deviation, as shown in Figure 2 As we can see, the reaction to the jump in the beginning of the technological process weakens as it moves along the way. And this weakening is most strongly at the beginning (between the first and second links), then the decline decreases, the further, the more.
If in the process chain there is equipment on the verge of failure in the form of an oscillatory link, the model demonstrates the non-standard behavior shown in Figure 3 .
Conclusion
Thus, multidimensional analysis of monitoring and diagnostic information about the technological process allows you to control parameters, and predict the future behavior of equipment. At the same time, various jumplike changes are used as diagnostic effects, and the apparatus of influence functions can be judged on the state of the equipment. Jumps change the parameters of the technological process. The reaction to them is weakened as they are removed in accordance with the influence functions. The values of the parameters at the time of the reaction set the point in the multidimensional parameter space and allow one to relate the state to one or another standard, and to relate the corresponding management algorithm to the standard. 
